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Dual action of 
glatiramer acetate 
(Cop-I)inthe 
treatment of CNS 
autoimmune and 
neurodegenerative 

disorders 

J nathan Kipnis and Michal Schwartz 

Protective autoimmunity is the body', defense mechanism a^mstde^ctiv* 
^™ound. such » those commonly associated with naurodegeneraUve 
^SZItoimmune disease and neurodegenerative * 
viewed as two extreme manifestation* of the same process. Therefore, when 
deTi^ula^tisim,^ 

^^nerattonwithoutri^ngdevelopmentof^ 

ZZ^Tpn***. autoimmunity In - ^^ BdW ^^^Z B 
an approved drug for the treatment of multiple sderos.s. can be used as a 
£ZenUor.uLmmur»d^ 

!™deoenerative diseases. We propose thatthe protective eff«* of Cop-1 
thatthe activity ofCop-1 in driving this reacUondenves from lis ability to serve as 
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Neurodegenerative disorders are commonly associated 
with ongoing neuronal loss in the central nervous 
system (CNS) lUl- Following the loss of neurons 
caused by primary risk factors, additional (secondary) 
neuronal loss is mediated by self-compounds, such as 
glutamate. nitric oxide or reactive oxygen specie* 
that exceed their physiological concentrations. These 
compounds are implicated in various types of 
neurological disorders and acute CNS injuries IS-Tl- 
It is interesting to note that destructive components 
commontoneurodegeneraUvediseaseshavealsobeen 

identified in autoimmune diseases such as multiple 
sclerosis (MS): in this disease, myelin damage in the 
CNS is accompanied by subsequent neuronal loss J8-1 1 J . 

Immune activity in the CNS has longbeen considered 
detrimental, and patients with neurodegenerative 
disordersandacute injuries are therefor cornrr, nly 
treated with Immunosuppressive drugs [12-171. lriis 
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negative view of Inflammation derives largely from the 
fact thatthe presence fimmune cells in the brain has 
been reported mainly In pathological situations. Indeed, 
these cells came to be regarded as the cause of the 
pathology, not as the result, and certainly notasceUs 
recruited for the purpose of physiological repair. Thus, 
for example, the immune components (e.g. activated 
microglia, blood-borne macrophages. CDS* and CD4* 
T cells) found in damaged regions and plaques in 
patients with neurodegenerative syndromes were 
assumed to be causatlvely associated with the syndrome 
[18 l91.However,studiesinthepastfewyearsnave 
shown that immune cells, in particular autoimmune 
T cells, play an essential role in protecting the injured 
CNS from the ongoing spread of damage [20-25]. 
Moreover, ithas proved possible to boost protective 
immunity in rats and mice without risk of inducing 
neurodegenerative disease, as will be discussed here. 

Autoimmune neuroprotection - a physiological 
self-repair mechanism 

Incertainstrainsofrats.passivetransferof 
autoimmune T cells reactive to myelln-related 
self-antigens induces a transient autoimmune 
svndrome known as experimental autoimmune 
encephalomyelitis (EAE) [26.27). If these strains of 
ratsaresubjectedeithertopartialcrushinjury fthe 
opticnerve or tocontuslve injury of the spinal cord, the 
autoimmune cell transfer not only induces EAE but 
also confers neuroprotection by reducmg secondary 
degeneration of the damaged neural tissue [21.Z3J. 
Recent studies have provided persuasive evidence 
that the observed autoimmune neuroprotection is not 
merely the outcome of an experimental manipulation 
but is a physiological response evoked systemically by 
the CNS injury [20.28]. Furthermore in several 
strains of mice and rats, an absence of mature T cells 
(eg innudemlceorlnratssubjectedtothymectomy 
at birth) results in a worse outcome from CNS injury 
than in their wild-type counterparts [20.28]. 

The way in which autoimmune T cells prevent the 
degenerative consequences of CNS Insults or P r ** e *j* 
the injured nerve from self-destructive mediators of 
toxicity is currently under intensive investigation. 
Studies have shown that active autoimmune I cells 
engage In a dialogue with CNS-resident microgliaor 
with infiltrating macrophages [29]. Among the ffects 
attributed to such dialogue is activation, through 
MHC classli interaction, of the affected cells, enabling 
them to clear the Injury siteof potentially ]iarmM 
factors, such as destructive self-compounds. On the 
basis of the ability of activated T cells and monocytes to 
produce neurotrophic factors, it was further suggested 
[30,31] that macrophages might serve as a source of 
neuro^phim.Thus.Tcelkmightpartiapatemthe 

Sctivationofmacrepr^es.thmughMl^da^U 
interaction, f r the production f such factory However, 
it was recently shown that the autoimmune T cells 
aren tthe nly T cells participating In autoimmune 
neuroprotection, but that another population f 
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CD^TcelU^ablyofaregulato^phenoty^Lsako ^^SlSlT^^ 

an essential participant (J.Kipnis etal., unpublished). ^^wtoT cells with several antigen-recognition 

Thephenotype fthcT cells that regulate ™™ ^ZTln a recently published commentary [44). 

neuropLectionisstlU-^^ 5S^iS^ P .-*h«-lAPLW««d 

candidates are naturally occurring CD4 CDZJ. "universal antigen', and formulates 

regulatoryTcelU.whi*areantigen SP ecinc.^d SSo the effect of Cop-1 in patients with MS. 

naturalkiUerceus. W WchplayanUnportantrolein a n ° v * e ^ ^ suppresses the encephalitogenic 

terminating EAE [321. In vlewof the resutts e J" t rf a utc^ctiveT cells. Passive transfer of Cop-1 - 

describedabove.ltlsreasonabletosuggwtthat cells was found to prevent the development f 

nonspecifictherapeuticsuppre^tonoftheimmune ^J^^^^byMBP^.PLP^U.or 

resp^setoCNStraurna( e .g.bydepriv,r«theb^y ^*^3 c ^ h na J 14 61. In hurnans. daily 

ofpVoirdammatorycyto^^ ^^^^Cop-i^s^dint^d^lopm^tof 

neurons inthe longterm.Thts might be the case even ^^^^^ response over time [47]. 

thoughthelmmunelnvolvementappearstobeat aThelper i liruy yv t~ 

some cost in terms of neuronal ^j-Othe t^ue since se |f ^acting Tcells are activated by Cop-1: a 
thebenentofneuroprote^onaffordedbytheongoing ^ntfor neurodegenerative disorders 

immune activity, if well contreUed^ eventuaUy ^ ption was that Cop-1. by crossreacting 

outwelghthecost-Itthereforeseemsthatapreferabte ^ m £ r nentsof myelin, might enable 

therapywouldbeantlgen-spedncimmunomodulation ™™; cmcT ^ to recognize the damaged tissue, 
aimed at boosting -d regulating the inflammatory there, and unde^activationresul^m 

response 133.34] toa CNS insult [24|. neuroprotection [35]. However, more-recent studies 

ItwasrecendydiscoveredthatU^ JavSn that Tcelb reactive to Cop-1 do not 

protective Immunity In rats Sfc^ when exposed to myelin proteins [48]. 

induclr^EAE.byvacdnatmgthe^ ^ partial crush mjuryofthe rat optic nerve, myelin 

glatiramer acetate (Cop-1) P«-» d ^^ i, SSSS eStopWe exposed atthe site of injury. Following 

SleviatethesymptomsofMSVa^^ jg^jS lymphocytes, regardless of their 

emulslfiedinast^ngadjuvantreduccdglutamate- ^riMn^sTOclflcity enter tiie CNS [49]. T cells reactive 

mediatedcytotoxicltylntherodentretmalg^ ^SteLare activated at the site of injury or in 
cell (RCC) model and attenuated the symp^ms of a ^^herethedrttoa&cfCHS 

chronlcneurodegenerativedisordertsimulating ^ e ^Hy takes place [50. 51]. Recent studies 

glaucoma) in a rat model of high mtraocular pressure ^"^^^ that activation of autoimmune T cells after 

[35.36]. Thefollowmgsectiomdiscussthedu^ ^prerequisite for neuroprotection, and that 

effects of Cop-1 in protecting against destructive ^Tactivation can be boosted by Immunization with 

autolmmunity( 5 eeninpatientewithauto^mune ^^Tjn this case myelin protems) [21.22.52]. 

diseasessuchasMS)andinlndudngorbc^ting ThesTflndings led us to suggest that, upon passive 

•protective- autoimmunity, thereby promoting neuronal ^^^^^^^ or active immunization 

survivalincasesofneurodegenerativedlsorders. J™^. Tcelk^rriving at the site of injury will 

serve a dual role: first they wul trigger proinflammatory 
Cop-1 in autoimmune disease activl ty and later they will terminate their own 

Cop-1 (Copaxone®) isasynthetlcamirwaddpoh^er ^^35, lnd ^ 

(4.7-11 kDa) composed offour amino acids M^™. JJS^oriy thatCop-l^acttveT cells accumulate 
L.^l.ilut^^^i^^ta.Jfcjrf S?teno^a?^undarnSd)opticnerve.where nly 
molar ratio [37.38]. It«asorlgir^lysynthes«edto cells c^aonimulate, but also that ^ 

n^ictheactivltyofmyeunb^ nSreare smaller than those of the accumulated 

inducing EAE in laboratory animals [39].butwas nu specific T cells [35]. These findings pointed to 
foundtebenon-encephalltogenlcandeventosuppre^ "^^i^LctivatedT cells with myelin 
MBP-lnduced EAE [40]. Cop-1 blocks chTOnlc-relap.lng "^^^CatedCop-l-reactiveTcells 
EAElnducedmatSJIVJxBALB/^F.mousemodel P^^ Wcfa ^ butthe u- pattern 
byappUcationofmousesplnalcordhomogenateor g^SSjUn expression might differ from that of 
encephalitogenic peptides of proteohpid protein (PLP) otneu™ ^ p ^^t^ (35]. Accordingly, itwas 
W.Thejxrtymerisu^ttobmdte^ ^ te ?^t Cop-1 -reactive T cells, after arriving 

Uelnsandtoactivatesuppresso^^^^^^ JJKSS-I^- weakly reactivated Iby 

bydeterminants common to Cop-1 andMBP [391. "itantiRens residing at thelesion site. Such reactivated 

^epredsemechanlsmsbywhlchCop-lprevents ^^^^^ prwluc e cytokines associated 
thedevelopmentofEAEandamelioratesMSarenot ^^^^f^^^) andThZ (interleukin 4) [35], 
yetfullyuJ,derstc<Kl.Nevertheless.some,mpor^nt ^J^™. Cop-1 -reactive T cells are potentially 
Lmunologicalpr pertles of this copolymer! rjavebeen ^tati^ ^Itlon. Wesuggestthatthe 
discovered. Cop-1 ^ws P artUlcr«sreacUv ity with ^^^c^l^ca^l^n 



Fig. X Model of a two-step 
(effector and regulatory) 
immune response to 
Immunization with Cop-1. 
(a) ImmunUattorVwith the 
weak 'universal antigen' 
Cop-1 activates T-cell ■ 
clones with different 
antigenic specificities. 
(0 Effector cells, possibly 
ofaThelper1(ThD 
phenotype. which are 
known to respond rapidly 
to the antigen, are the 
first to proliferate In the 
periphery: 00 the slower 
proliferating population or 
regulatory T cells (possibly 
of Th2/Th3 phenotype, 
and/or naturally occurring 
regulatory CD4*CD26* 
T cells) respond later. 
After being activated at 
the periphery, these T cells 
migrate to the Injury site 
In the central nervous 
system (CNS).(b)(0 At 
the site of injury, the 
CNS-resldent microglia, 
activated by the Injury 
Itself, start to present CNS 
* antigens and to activate 
and attract peripheral 
Immune components: 
(II) the first to arrive are the 
Cop-1-acUvated effector 
T cells, whkh upregulate 
the activation state of 
microglia, enhancing their 
phagocytic and antigen- 
presenting capac Ittes. 
(c)(1) Alelaterstage, 
regulatory (suppressor) 
T ceils accumulate at the 
site of CNS Injury until the 
ratio of regulatory T cells 
to efTector T cells Is high 
enough to Inhibit effector 
action and to terminate the 
Inflammatory response: 
(II) In this way. they 
protect undamaged 
neurons from the toxic 
effects of the environment 
thus Increasing neuronal 
survival. 



(a) Glatiramer acetate-Induced immune response 
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enabling them to dear the lesion site of toxic 
self-compounds and to display enhanced P^gocvtlc 
acdvityfoVnpmpecifcdea^^ 

According to the above scenario, passive transfer 

of activated Cop- 1 -reactive T cells leads to their 

accumulationattheslteof Injury, where they ^reinforce 

the local immune response (inflammation) at the 

Sjur^ite. However. Ms Interpretation of activity -as 

aTouLmeofcressreactlvi^^ 
oitobeanover S implincatlon:C^p-l-activatedT«Us 

were also found to be neuroprotective in other models 
of CNS Injury, where myelin-associated antigens are 
notactive.suchastheir.ultcausedbyd^ 
of RGCs to glutamate toxicity or the death of RGCs 
resulting from Increased intraocular pressure in a 
model of high-tension glaucoma [36].The question 
Sen arises: how can Cop- 1 vaccine be effective under 
-ditionswheremyel*^ 



tlssues).induclngaprotectiveirrununer«ponsem*e 

retina when protection of RGCs from gl«^f 
is required. We suggest that TceUs reactive to Cop-1 
LI be referred to not as^l-specmcT«l]s but 

as low-anlnlry self-reactive T cells activated by 
According to this view, Cop-1 . being a ^-^active 
antigen, will weakly activate numerous self-reactive 
T cells These T cells will therefore slowly undergo 
Proliferation. wWchwiUbebalar^tosom^Jby 
LproliferationofregulatoryTc^lls^oactivatedby 
Cop-1 . Since the rate of proliferation of the regulatory 
Snes (e.g. naturally occurring CD4-CD25- regulatory 

T cells [56]. there isa period of time in which effector 
Thl cells can act without being suppressed by 
riulatoryTcells (Fig. l).TWs scenario ismtoew * 

ourrecenTsuggesaonttota^ 
activity is a prerequisite for neuroprotection, but that it 
bestoppeZtirne (J. Klpnis etaJ.. unpubhshed). 



conditions where myelin-reiaieu vm.^.— " -- 

Theseresultsr^mttother^sslbill^ c as an immU nomodulator inc.e, oflnnammaUon 

betweenCop-l-reactiveTcellsandotherself-protelns. ^ "^ed above. Cop-1 provides effective treatment 
betW _ , -!L, ^^Tcellsreactlvetovanous forMS [57] arid for injuries of the CNS 135.361- 

xSeqLtlonthenartoes^^^ 
S^commonfeaturesthatcouldexplalnwh^ 

sLe compound, when administered according to a 
XbTe therapeutic regimen, is effectlve»nbo*?Or 
dotheuniquefeaturesof C^p-1 asa^weakumv^al 
self-antige^makeitsuitobleford^er^t^ti ns? 

The principal common characteristic of the two 
conditions to inflammation. This appears to be a 
feTturenotonly faut immuneneurod generative 



Cop-lcross-recognizesTcells reactive to various 
antig^.anditmightbmdMHCdass II molecules 

wi^utbeingprocessed 153]. ^^ b ^°J A 
acts as a universal antigen, as suggested by Hafler 
S. Furthermore, vaccination with Cop-1 achates 
dlfferentT-c«ll clone* withaw^^^ 
specificities 154.55] andsome f these clones might 
SycrJreactwith pitopes of «^-«^ 
boosting the endogen us response t white matter 
^Zy. il contrast, others might weakly crossreact with 
^SSccTu.lve peptides (or with self-antigens in other 
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CNS injuries, Alzheimer's disease (which was recently 
shown to be characterized by Inflammation in plaques) 
and different types of chronic Inflammation, probably 
Including graft rejection and graft- versus -host disease. 

The fact that so many pathological conditions are 
characterized by inflammation is largely responsible 
for the poor reputation that this feature has acquired 
[58]. However, the available data now suggest a need 
for a paradigm shift away from this in the perception 
of autoimmune diseases and inflammation [59]. 
Indeed, we suggest that the autoimmune response be 
viewed as the individual's protective or reparative 
physiological response to any CNS insult, whether it 
be caused by exogenous invading microorganisms, by 
mechanical trauma, or by destructive self-compounds 
evoked by stress originating within the body Itself. 
Autoimmune disease is then one extreme situation, 
where the autoimmune response overshoots and goes 
out of control. The other extreme is a degenerative 
disorder, where the autoimmune response is not 
strong enough for effective protection, and 
degeneration therefore continues. Thus, in both of 
these pathological conditions, inflammation might be 
present but will need to be differently handled in each 
case. How can treatment with the same compound 

(Cop-1) provide both properly regulated immune 
suppression (in the case of the autoimmune disease) 
and properly regulated Immune activation (in the 
case of the neurodegenerative disease)? 

Differential modes of Cop-1 administration in patients 
with MS or with CNS injury 

If Cop-1 acts as a universal antigen, questions arise tn 
connection with the optimal therapeutic regimens of 
Cop-1 for different conditions. Should patients with 
autoimmune diseases be treated in the same way as 
patients with acute or chronic neurodegenerative 
disorders? In the case of autoimmune disease, where 
the regulation of autoimmunity is malfunctioning, 
there is a need to shut off the autoimmune clones. 
By contrast, in the case of acute CNS injury or 
chronic neurodegenerative disorders (e.g. MS), there 
is a need for neuroprotection, initially requiring the 
participation of active autoimmune clones and 
subsequently needing tight control to shut off the 
autoimmune response at the appropriate time. 

Reports indicate that MS patients treated with 
Cop-1 initially show aThl-type response, which later 
switches towards Th2 147,60], considered to be a 
favorable phenotype in such patients. From thisstage 
onwards, each application of Cop- 1 boosts the Th2-type 
response and weakens the Thl -type response, until 
there is no response to Cop-1 [53.61]. This eventual 
lack f response might reflect anergy f effector T cells 
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in addition, it might reflect over-activation of regulatory 
T-cell clones and their consequent Inhibition of effector 
clones (regardless f their antigenic specificity). 
Whatever the underlying mechanism, this type of 
progression of the autoimmune response was found to 

be beneficial in patients with autoimmune diseases. 

In acute neurodegenerative disorders, the aim of 
therapy is to boost the local immune response at the 
lesion site in a well-regulated way. Accordingly, the 
early and transient Thl (effector) response is a welcome 
phenomenon, essential for stopping the process of 
damage caused by self-destructive compounds. It can be 
achieved by Cop-1 vaccination, which allows an induced 
Thl (effector) immune response to be accompanied 
by a regulatory response. In patients with chronic 
neurodegenerative disorders, the timing and amount 
of each booster application should Incorporate the 
Thl phase. During this phase (which is thought to be 
very short), the affinity of the Thl cells for self-epi topes 
is relatively low, so the development of an autoimmune 
disease during the Thl phase window is avoided, 
whereas the desired activation of phagocytes for 
clearing of cell debris Is probably achieved. 

1 1 Is Important to bear in mind that MS Is now 
recognized not only as a disorder related to myelin, 
but also as a neuronal disorder (62-64]. Glutamate. a 
principal mediator of toxicity in neurodegenerative 
disorders, has alsobeen identified in patients with 
MS [62,63]. Protection against the harmful effect of 
Klutamate can be obtained by vaccination with Cop-1 
[36] . Giving Cop- 1 to patients with MS using the same 
regimen as for patients with neurodegenerative 

disorders might therefore be worth considering. 
Concluding remarks 

We suggest that the optimal application of Cop-1 for 
the treatment of neurodegenerative diseases is by 
vaccination in order to activate the weakly self-reactive 
Thl cells in a well-regulated way. According to our 
perception of autoimmunity, the regimen for Cop-1 
administration in individuals with autoimmune ^ ^ 
disease (daily injection) differs from that required for 
treatment after CNS injury. Future studies should be 
aimed at establishing the optimal regimen for Cop- 1 
administration in individuals with diseases that ar 
both autoimmune and neurodegenerative, to achieve 
both neuroprotection (against degeneration) and 
arrest of the demyelination process (i.e. prevention 
of disease). Elucidation of the precise mechanism 
underlying the interaction of Cop-l-reactiveT ceik with 
self-antigens might shed light on the Cop-1 -mediated 
protective mechanisms, which are so similar and yet 
so different, in autoimmune diseases and In 
neurodegenerative disorders. 
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